Abstract. 1. Using two sources of data to estimate butterfly species richness, the potential influences of 11 environmental variables on the richness gradient of butterflies in western/central Europe and northern Africa were examined with multiple regression and spatial autocorrelation analysis. A measure of waterenergy balance, actual evapotranspiration, explained 79% of the variance in butterfly species richness using data derived from range maps, and 72% of the variance using data derived from grid-based distribution maps. All other variables explained less than 4% of the variance in the regression models and differed depending on the data source.
Introduction
Evidence is accumulating that contemporary climate and topography represent powerful descriptors of large-scale gradients in species richness of plants and animals, whether marine, freshwater, or terrestrial (Terentev, 1963; MacArthur, 1975; Rabinovich & Rapoport, 1975; Schall & Pianka, 1977 , 1978 Richerson & Lum, 1980; Pianka & Schall, 1981; Wright, 1983; Turner et al., 1987 Turner et al., , 1988 Currie & Paquin, 1987; Adams & Woodward, 1989; Currie, 1991; Wright et al., 1993; O'Brien, 1993 O'Brien, , 1998 Scheiner & ReyBenayas, 1994; Oberdorff et al., 1995; Fraser & Currie, 1996; Francis & Currie, 1998; Gue´gan et al., 1998; Kerr et al., 1998; Leathwick et al., 1998; O'Brien et al., 1998 O'Brien et al., , 2000 Kerr & Currie, 1999; Kerr & Packer, 1999; Rutherford et al., 1999; Badgley & Fox, 2000; Boone & Krohn, 2000; Lennon et al., 2000; Balmford et al., 2001; Rahbek & Graves, 2001; van Rensburg et al., 2002; Hawkins & Porter, 2003; Francis & Currie, 2003) . Most studies of terrestrial animals have focused on vertebrate groups, largely because of the availability of distribution maps. However, there is one moderately diverse group of terrestrial invertebrates for which distribution maps are also available for many parts of the world; namely, the butterflies. Despite this, it appears that regional analyses of butterfly richness gradients have been restricted to Great Britain (Turner et al., 1987) , Canada (Kerr, 2001; Kerr et al., 2001) , the Papilionidae in North America (Kerr et al., 1998) , and Australia (Dingle et al., 2000) where the emphasis was on migration patterns.
The limited studies of butterflies have generated somewhat inconsistent conclusions. Turner et al. (1987) and Kerr et al. (1998) argued that ambient energy, measured as potential evapotranspiration, summer temperature or hours of summer sunshine, best explained richness patterns. More recently however, Kerr (2001) and Kerr et al. (2001) , using high-resolution remotely sensed land cover data, found that the number of land cover types was a better predictor of Canadian butterfly richness patterns than potential evapotranspiration. The idea that habitat diversity influences species diversity is well established (Rosenzweig, 1995) , so Kerr et al.' s results are reasonable. There remains a question, however, as to the generality of the pattern; would similar results be obtained in other parts of the world, particularly when including warmer climates where factors other than energy inputs may also influence butterfly richness?
In the work reported here the study of butterfly diversity is expanded to the western Palearctic region (western/ central Europe and north Africa), and what aspects of the environment best describe geographic variation in species richness is examined. Direct effects of climate and topographic variability on butterflies are tested, as well as indirect climatic effects operating via geographic patterns of land cover diversity, plant species richness, and plant productivity. To examine if historical factors have influenced the contemporary richness gradient, an estimate of how long areas have been available for recolonisation following the retreat of the ice sheet after the most recent ice age is also included.
Finally, it has recently been claimed that the existing range maps for western Palearctic butterflies 'are useless because of their small scale alone; in addition to this they are hopelessly inaccurate' (Kudrna, 2002) . Thus, as a part of this analysis, the extent to which different data sources influence the results is evaluated. This also allows patterns that are likely to be of real ecological importance versus those that depend solely on the quality of the species richness data to be distinguished.
Methods

Butterfly species richness
Geographic variation in species richness in the western Palearctic was measured by dividing the region into 162 equal-area grid cells. Each cell was 220 km Â 220 km (equivalent to 2 Â 2 at the equator), except for coastal cells, in which case adjacent cells were combined to obtain areas approximately equal in size to inland cells. Thus, area was kept as constant as possible and not included explicitly in the analysis. This grid represents an intermediate scale of resolution compared to those generally used in large-scale studies of richness gradients (e.g. Currie, 1991; O'Brien, 1993; Rahbek & Graves, 2001) . Offshore islands were excluded, except for Great Britain.
The grid was first overlaid onto enlarged range maps from Tolman (1997) , and the presence of each species scored. Only species presumed to be resident to an area were recorded. These maps represent the traditional format for illustrating species distributions, in which records are converted into filled-in range maps. Such maps potentially generate false positives, in which species are assumed to be present in an area when they are in fact absent. The extent that such errors occur is clearly based on the patchiness of populations of each species, the density of records, and the grain size at which richness is estimated. All grid cells were within the scope of these range maps, resulting in 162 richness estimates.
The sample grid was then overlaid on the grid-based distribution maps of Kudrna (2002) . These maps do not interpolate data into cells without records, and so do not contain false positives from this potential error source. On the other hand, residents are not distinguished from migrants, and thus the maps can generate false positives by including records from strays and migrants. Further, such maps may contain false negatives in areas where there are few recorders and sampling intensity is low. Indeed, inspection of the maps indicated that Russia, Belarus, the Ukraine, and Moldavia were clearly undersampled, and these countries were thus excluded from the analysis. North Africa was also not represented, resulting in richness estimates for 101 grid cells.
To ensure that the richness estimates were as independent as possible, the data from Tolman (1997) were generated by the first author, whereas the data from Kudrna (2002) were generated by two undergraduate students who were unaware of the existence of the alternative data set. gradients for at least some animal groups, or, as with plant species richness and glacial history, because they have been hypothesised to be important:
(1) Potential evapotranspiration -both terrestrial vertebrate and invertebrate richness have been linked to potential evapotranspiration, at least in northern latitudes (Currie, 1991; Kerr et al., 1998; Kerr & Packer, 1999) . Potential evapotranspiration represents a widely recognised measure of the energy regime of an area (Thornwaite & Mather, 1955) . Data are from http://www.grid.unep.ch/data/grid/ gnv183.html (see also Ahn & Tateishi, 1994) .
(2-3) Generalised Global Vegetation Index (Kineman & Hastings, 1992) , available at http://www.ngdc.noaa.gov/ seg/eco/cdroms/gedii_a/datasets/a01/mgv.htm#top. This is derived from remotely sensed Advanced Very High Resolution Radiometer (AVHRR) data. It represents a re-scaled version of the Normalised Difference Vegetation Index and is a measure of greenness. These indices are being widely used as estimates of plant productivity (Hurlbert & Haskell, 2003 and references therein) . The monthly data extending from April 1985 to December 1988 (the entire dataset available) were used to generate average monthly Global Vegetation Indices across all months (annual Global Vegetation Index) and average monthly Global Vegetation Index for June, July, and August only (summer Global Vegetation Index). The latter variable estimates potential food availability when most of the butterfly species are actively developing. Productivity is known to influence diversity gradients for many animal groups at a wide range of scales (Mittelbach et al., 2001) .
(4) Actual evapotranspiration -this is a measure of water-energy balance and has been used to model plant productivity (Rosenzweig, 1968) . Actual evapotranspiration is sometimes strongly correlated with animal richness patterns (Hawkins et al., in press ), but it can operate in two ways, directly via the physiological effects of heat/cold stress and water availability, and indirectly as trophic effects via its influence on productivity. Both actual evapotranspiration and Global Vegetation Index were included in the analysis to allow a physiologically based water-energy hypothesis to be partially distinguished from the trophically based productivity hypothesis (see Hawkins et al., in press for discussion). Data are from http://www.grid.unep.ch/ data/grid/gnv183.html (see also Tateishi & Ahn, 1996) .
(5) Mean daily temperature in the coldest month -an association between cold temperatures and butterflies is indicated by recent range extensions northward by 22 butterfly species in Europe in response to global warming (Parmesan et al., 1999) . Despite this, the ability of winter temperatures to predict animal richness gradients has not been well documented (Turner et al., 1987; Lennon et al., 2000) . Data were taken from http://www.ngdc.noaa.gov/ seg/eco/cdroms/gedii_a/datasets/a03/lc.htm (see also Leemans & Cramer, 1991) .
(6) Range in elevation -topographic relief has been associated with richness gradients of mammals in warmer parts of North America (Kerr & Packer, 1997) , woody plants in southern Africa (O'Brien et al., 2000) , birds in northern South America (Rahbek & Graves, 2001) , and butterflies in California (Hawkins & Porter, 2003) . It is often assumed that range in elevation represents a proxy for habitat heterogeneity, although Kerr et al. (2001) found that the number of land cover types in a grid cell was only associated weakly with range in elevation in Canada. Maximum and minimum elevations within cells were estimated from regional maps in the Pergamon World Atlas (1968).
(7) Annual precipitation -precipitation is an important predictor of bird richness patterns in Australia (Pianka & Schall, 1981) and South America (Rahbek & Graves, 2001) , and given that the geographic extent of this study extends into the northern Sahara Desert, water availability may represent a critical limiting factor for butterflies as well, at least in the south. Inclusion of precipitation also allowed the potential influence of water to be evaluated separately from the composite energy/water effects measured by actual evapotranspiration. Data were taken from http:// www.ngdc.noaa.gov/seg/eco/cdroms/gedii_a/datasets/a03/ lc.htm.
(8) Annual mean temperature -temperatures represent an alternative method of estimating energy input sometimes used in richness studies (e.g. Schall & Pianka, 1978; Pianka & Schall, 1981) . Data were taken from http:// www.ngdc.noaa.gov/seg/eco/cdroms/gedii_a/datasets/a03/ lc.htm.
(9) Land cover diversity -this extends the test by Kerr (2001) and Kerr et al. (2001) for Canadian butterflies. Data were taken by summing land cover types in each grid cell classified from 8-km resolution global AVHRR data (http://gaia.umiacs.umd.edu:8811/landcover/), provided to the authors in an ArcGIS readable format by J. T. Kerr. The 8-km data were used to make the analysis as comparable as possible to Kerr (2001) , who also used this resolution. The alternative land cover index used by Kerr et al. (2001) exists only for Canada (J. T. Kerr, pers. comm.) .
(10) Plant species richness -it has long been believed that animal diversity is influenced by plant diversity (Hutchinson, 1959) , which should be particularly true of herbivores. Plant richness estimates were extracted from the global richness map generated by Barthlott et al. (1999) . It should be realised that estimates within grid cells had to be extensively interpolated from their map, and thus are subject to a great deal of potential error. These are the best available data for the region but the results for this particular analysis should be interpreted with extreme caution.
(11) Area age -it is universally realised that the contemporary richness patterns in Europe have existed for less than 20 000 years, since species were driven south (or extinct) as a consequence of the spread of ice sheets during ice ages, and surviving species had to recolonise parts of the continent as climate warmed and the ice receded. The potential influence of glacial history on richness gradients was tested using the temporal series of maps showing the extent of ice during the most recent ice age compiled by Adams and Faure (1997) . In each cell the number of years before present when at least part of the cell became exposed for potential colonisation by terrestrial organisms was estimated, as indicated by the change in ice cover from one mapped time period to the next. Thus, cells were assigned ages of 8500, 9000, 10 000, 12 000, or 15 000 years. Cells that were not fully glaciated at any time were assigned an arbitrary age of 20 000 years.
Statistical analysis
The data were initially analysed using stepwise multiple regression. Prior to analysis, the distributions of all variables were examined, and the only variable with a highly skewed distribution, range in elevation, was log transformed. All relationships between butterfly richness and predictor variables were also tested for non-linearities using second-order polynomials. Because of spatial autocorrelation in the data, significance levels from simple correlation and regression are too liberal (i.e. non-significant variables can appear significant); however, because the regression models successfully removed most of the spatial pattern in the richness data, this bias is very slight (see Diniz-Filho et al., 2003) . Further, the primary interest is in identifying strong predictors of butterfly richness rather than identifying all factors that may show a statistical association with richness, however weak, so the minor variables likely to be influenced by spatial autocorrelation are not interpreted. Also, because it was found that weak associations between the environmental variables and richness were sensitive to the source of richness data, these associations are unlikely to be of general ecological significance.
The pattern of spatial autocorrelation in the richness data and its probable sources were evaluated by comparing the spatial autocorrelation in the original species richness data with that of the residuals of the environmental models, based on Moran's I coefficients (Diniz-Filho et al., 2003) . First a correlogram of the raw richness data was generated using SAAP 4.3 for each richness data set, using eight distances classes for the data derived from Kudrna, and 10 distance classes for the data derived from Tolman. This quantified the patterns of autocorrelation at various spatial scales in the dependent variables. The regression models were then fitted and Moran's Is on the residuals were recalculated. If no spatial autocorrelation remains in a distance class, then the spatial pattern of butterfly richness can be explained by the environmentally driven spatial pattern at that distance. In contrast, remaining spatial autocorrelation at any distance class among the residuals indicates that the environmental model does not adequately describe the pattern in richness at that scale, and spatially patterned variables not included in the model may also be contributing to the richness pattern.
Results
The butterfly richness patterns derived from the two data sources were strongly positively associated (Fig. 1) . Thus, both provide very similar richness estimates within Europe, although the slope of the regression of grid-based estimates against map-based estimates is very slightly but significantly less than one. Richness estimated from Tolman shows a strong latitudinal gradient, peaking in the Pyrenees, Alps and Balkans, with reversals in peninsular Spain and Italy, and south into the Sahara (Fig. 2) . Although the Kudrna data exclude parts of Eastern Europe and North Africa, they show a very similar pattern and are not illustrated. The pattern from both sources also closely matches a previously documented richness pattern in this region .
The regression models for both data sources identified actual evapotranspiration as the primary explanatory variable (Table 1 ). All remaining variables were either not significant or improved the explanatory power of the models by very low amounts. Further, the secondary variables were partially inconsistent in the two models, indicating that their contributions to explaining the richness gradient are not robust to the data source. Thus, it is concluded that actual evapotranspiration is the primary predictor of butterfly richness in the western Palearctic, explaining approximately three-quarters of the variance in richness across the entire region. The relationships between actual evapotranspiration and richness appeared to be slightly curvilinear and accelerating, especially for the Tolman data (Fig. 3a) , but an exponential model was not better fitting than a linear model in either case.
The pattern of spatial autocorrelation in the butterfly richness data from Tolman was typical of a latitudinal cline in richness with a reversal in the largest distance class (Fig. 4a) , reflecting that richness increases from Scandinavia to southern Europe but then decreases again into North Africa (see Fig. 2 ). A similar spatial pattern was found for the data from Kudrna ( Fig. 4b) , except there was no reversal in the autocorrelation at large distances because the area covered did not include North Africa. Despite the small Table 1 .
Step-wise multiple regression models of butterfly species richness based on range maps from Tolman (1997) versus gridbased distribution maps from Kudrna (2002) . Also provided are partial coefficients of determination and 'significance' levels, which contain slight bias due to spatial autocorrelation in the richness data not fully accounted for by the models (see Fig. 4 ). (2002). Fig. 2 . Geographic variation in the richness of resident butterfly species in the western Palearctic, based on maps in Tolman (1997) . Numbers represent the number of species in each cell. Fig. 4 . Correlograms for raw species richness data and for residuals after fitting actual evapotranspiration for data derived from (a) Tolman (1997) and (b) Kudrna (2002). difference between the patterns, fitting actual evapotranspiration successfully removed almost all spatial autocorrelation in all but the smallest distance classes in both data sets, indicating that actual evapotranspiration can account for the spatial pattern in richness very well. Although actual evapotranspiration also reduced the spatial autocorrelation in the smallest distance class by 74% (in the Tolman data) and 86% (in the Kudrna data), a small but significant (P < 0.001) amount of spatial autocorrelation remains in both cases (Fig. 4) . This indicates that additional factors not included in this analysis are needed to fully account for spatial variation in butterfly richness at smaller spatial extents.
Discussion
It was found that the water-energy variable actual evapotranspiration is the best predictor of the pattern of butterfly richness in the western Palearctic region, and the association was robust to the type of distribution maps used to estimate richness. Given the strong link between actual evapotranspiration and plant productivity (Rosenzweig, 1968; Lieth, 1975) , an obvious conclusion is that plant productivity is the driving force of butterfly richness patterns in this region. However, if potential food availability is the entire explanation, one of the more direct estimates of productivity described by the Global Vegetation Index might be expected to be a better predictor of richness than actual evapotranspiration. Annual and summer Global Vegetation Indices were also positively associated with both butterfly richness estimates, but the coefficients of determination ranged from 0.355 (for Kudrna-based richness and summer Global Vegetation Index) to 0.517 (for Tolmanbased richness and annual Global Vegetation Index), are substantially lower than found for actual evapotranspiration (Table 1) . Therefore, it is concluded that although plant productivity must represent part of the explanation for an association between butterflies and water-energy balance, there are probably also direct climatic effects acting on butterflies, reflecting that they are most diverse in warmwet areas at least partially independently of the amount of vegetation present.
Since almost all caterpillars feed on plants, as do the adults of nectar-feeding species, it is not surprising that a variable associated with plant productivity is strongly associated with butterfly richness. It is perhaps more surprising that despite the obvious dependence of butterfly species on their host-plant species, total plant richness contributed little or nothing to butterfly richness in the regression models, depending on the data source. This suggests that plant richness has a minimal influence on herbivore richness across the continent. This is also consistent with a more detailed analysis of plant and butterfly richness patterns in California (Hawkins & Porter, 2003) . Further, there is strong evidence that range limits of many European butterflies are set by climate and not the distribution of their foodplants (Dennis & Shreeve, 1991; Bryant et al., 1997 Bryant et al., , 2002 Quinn et al., 1998 Parmesan et al., 1999 , and that butterfly richness patterns in Great Britain are well described by temperatures and hours of sunshine during the summer (Turner et al., 1987) , so at large spatial extents at least, the idea that plant diversity explains animal diversity receives very little support for butterflies. But it must be remembered that the plant data were not generated using plant distribution maps, so this conclusion must be considered tentative until range maps of all European plants become available.
As noted above, temperatures, whether summer or winter, have strong effects on butterfly distributions, and yet none of the ambient-energy variables, potential evapotranspiration, average annual temperature, or January temperature, predict butterfly richness as well as actual evapotranspiration. This probably reflects that the geographical extent of the analysis encompasses warm areas as well as cold ones, and that water rather than temperature may be limiting to both plants and animals in warm climates. Various European butterfly species are known to be restricted to moister habitats at southern range margins (C. D. Thomas, pers. comm.) , and analysis of the effects of global warming on butterfly ranges in western Europe also suggests that temperatures are more critical at the northern edges of ranges than at the southern edges (Parmesan et al., 1999) , as do studies of vertebrate richness gradients in North America (Currie, 1991; Badgley & Fox, 2000) . Thus, it would be incorrect to conclude that temperature does not have a strong influence on butterfly richness gradients in the Palearctic, only that there is a latitudinal gradient in its importance. Even so, the known responses of butterfly distributions to both temperature and moisture support the conclusion that actual evapotranspiration operates at least partially via its direct physiological effects on butterflies.
The work reported here is unable to confirm the finding by Kerr (2001) and Kerr et al. (2001) that land cover diversity is a primary explanation for butterfly richness patterns in the northern temperate zone. The relationship between land cover diversity and richness is low in both richness datasets (r 2 ¼ 0.203 for Tolman data and r 2 ¼ 0.170 for Kudrna data), and did not enter either multiple regression model at all (Table 1) . There are at least three reasons why land cover diversity may appear less important in the western Palearctic than in the northern Nearctic. First, Kerr et al. (2001) reported their relationship based on a finergrained index of land cover diversity (that also distinguishes 51 land cover types instead of the 13 distinguished by AVHRR) derived from the Syste`me Probatoire pour l'Observation de la Terre (the sensor called VEGETATION or VGT). The use here of the coarser-grained and less resolved AVHRR data could have influenced the result. However, Kerr (2001) showed a strong relationship between butterfly richness and land cover diversity using the AVHRR data at 8-km resolution (i.e. the same index used here), and Kerr et al. (2001) reported that both land cover measures generated similar results. Thus, the difference between Canada and the western Palearctic does not appear to be due simply to methodological differences in how land cover diversity was measured.
A second possible explanation for the difference is that there is a latitudinal gradient in the strength of the relationship between land cover and butterflies, and similar to the energy variables, inclusion of warmer areas in southern Europe (in both data sets) and north Africa (in the Tolman data) dilutes a relationship that is stronger in cold areas. This possibility was tested by reanalysing the Tolman data including only grid cells where potential evapotranspiration <665 mm/year, the highest mean potential evapotranspiration value in Kerr's Canadian grid system (J. T. Kerr, pers. comm.) . However, this had only a small effect on the model; actual evapotranspiration remained the primary explanatory variable (r 2 ¼ 0.809), followed by mean January temperature, which increased the coefficient of determination by 0.048. An additional 6.6% of the variance was explained by plant richness, log range in elevation, potential evapotranspiration, and annual precipitation. Land cover diversity then entered the model, but increased the coefficient of determination by only 0.006. So, the difference between Canada and the western Palearctic does not arise because the range of climates is broader in the Palearctic.
It is likely that land cover does not measure the same things in Canada and Europe. Much of the land cover of Canada is in a more-or-less natural state, whereas European land cover reflects thousands of years of intense human modification. It may be that an association between land cover and butterfly richness found in natural landscapes has been lost due the widespread manipulation of land cover by humans in Europe. Unfortunately, there is no way of testing this idea, except to examine the relationship between land cover and butterfly richness in other parts of the world to determine whether Canada or Europe is exceptional. An important point concerning this result is that it does not address the issue of how land-use patterns influence butterflies, particularly at smaller scales (e.g. Atauri & de Lucio, 2001) , only that the overall number of land cover types does not predict European butterfly richness well at the continental scale.
Despite the visual impression that high topographic variability is associated with high richness in southern Europe (Fig. 2) , log-transformed range in elevation explains relatively little variance in richness (r 2 ¼ 0.277 for Tolmanbased richness; r 2 ¼ 0.236 for Kudrna-based richness, and much less in the multiple regression models, Table 1 ). Given its documented influence on richness gradients in other studies (Kerr & Packer, 1997; O'Brien et al., 2000; Rahbek & Graves, 2001) , it is not clear why it appears to be of less importance for butterflies. It is not because its effects are masked by colinearity with actual evapotranspiration, because actual evapotranspiration and log range in elevation are not strongly correlated with each other (r ¼ 0.389, P < 0.001). It is also not clear what aspect of the environment range in elevation actually represents. It is often interpreted as a proxy for habitat heterogeneity, but log range in elevation and land cover diversity are only moderately correlated across the western Palearctic (r ¼ 0.524, P < 0.001), and topographic variability must also be associated with increased climatic variability over small distances. But for whatever reason, topographic variability is not a primary predictor of butterfly richness in this region.
The measure of the pattern of glacial retreat following post-Pleistocene climate warming also contributed little or nothing to the butterfly richness gradient. Thus, it is concluded that there have been no substantial lags in the recolonisation of the deglaciated parts of the continent, and butterfly richness is in equilibrium with contemporary water-energy balance. Although it is obvious that longterm climatic changes within the Palearctic have had major influences on historical diversity gradients, the signal is no longer apparent. Given that tree richness gradients also appear to be largely in equilibrium with the current climate in Europe (Adams & Woodward, 1989) , perhaps it is not surprising that the more mobile butterflies have also fully recolonised the deglaciated areas.
Ecologists have become aware that spatial autocorrelation in richness data can inflate significance tests of predictor variables. However, it was found here that the spatial pattern in species richness is not due to spatial autocorrelation, which is a form of pseudo-replication due to the occurrence of a species in more than one cell, but reflects spatial dependence, due to the spatial pattern in actual evapotranspiration, which once removed also removes the spatial pattern in richness. Legendre et al. (2002) provide an explanation of the difference between spatial autocorrelation and spatial dependence and its relevance to interpreting ecological data. On the other hand, the small amount of spatial autocorrelation in the residuals of butterfly richness remaining in the smallest distance classes after fitting actual evapotranspiration reflects that at small distances, the spatial pattern is not due entirely to actual evapotranspiration. This is fully consistent with the idea that different factors influence diversity gradients at different spatial scales (e.g. Willis & Whittaker, 2002) , but it cannot be determined what other factors are also contributing to the pattern of butterfly richness at distances less than ca 500 km with the data readily available.
Finally, it made little difference to the analysis which type of distribution maps were used to estimate butterfly richness. Presumably, any errors generated by the alternative mapping techniques (i.e. false positive records in Tolman (1997) and false negative records in Kudrna (2002) ) are randomly distributed within both data sets, and the overall richness pattern is reasonably robust to differences in methodology. There is a very slight tendency for the range maps to generate higher richness estimates than the grid data in areas of high richness, but this does not affect the major conclusions. On the other hand, it did influence which combinations of minor variables entered the multiple regression models, suggesting that variables explaining only a few percent of the variance in large-scale diversity gradients cannot be interpreted with confidence. Although differences in data-generation methodology had only minor effects on the analysis, this does not mean that these differences might not be important in studies focused on very small spatial scales. Irrespective, at the continental scale on which this study was focused it is not true that range maps are useless, and the overall importance of both water and energy to butterfly richness patterns appears clear.
